Introduction
============

Paroxysmal kinesigenic dyskinesia (PKD) is a rare condition characterized by recurrent brief episodes of dystonia, chorea, athetosis or a combination thereof, without alteration of consciousness. PKD may be considered as a pure form, where patients only present with dystonia, chorea and athetosis, or as a complicated form, were patients present with PKD combined with benign familial infantile convulsions or hemiplegic migraine ([@b1-br-0-0-1293]). Episodes are usually triggered by sudden voluntary movements ([@b1-br-0-0-1293]). The majority of PKD cases are inherited with an autosomal dominant pattern with complete or incomplete penetrance; although there are reported sporadic ([@b1-br-0-0-1293]). In 2011, Chen *et al* ([@b2-br-0-0-1293]) first reported mutations in the gene encoding *proline-rich transmembrane protein 2* (*PRRT2*, chromosome 16p11.2) as the genetic cause of PKD in eight families ([@b2-br-0-0-1293]). At present, mutations of the *PRRT2* gene are the major cause of PKD, with a frequency ranging from 40% to \>90%, depending on case ascertainment ([@b1-br-0-0-1293],[@b3-br-0-0-1293]). The frameshift mutation c.649dupC (p.Arg217Profs^\*^8), which results in the presence of a premature stop codon, is a hotspot mutation ([@b4-br-0-0-1293]). In the present report, two cases of sporadic PKD with sequencing analysis of the *PRRT2* gene are described, identifying a potentially novel heterozygous missense mutation, c.955G\>T (p.Val319Leu), in exon 3 of the *PRR2* gene.

Case reports
============

### Clinical presentation

Case 1: The index patient, II:2, in Family A ([Fig. 1A](#f1-br-0-0-1293){ref-type="fig"}), an 18-year-old male, was referred to the neurology clinic (The Fourth Affiliated Hospital, Zhejiang University School of Medicine), due to a 3-year history of paroxysmal left limb dystonia. The episodes were triggered by suddenly rising from sitting, and occasionally, being startled, and were characterized by brief episodes of the left limbs rolling outward involuntarily, with the wrists and ankles bent transiently, head turning and slightly impaired speech with preserved consciousness. The episodes usually lasted 5-10 sec with a frequency of up to 10-20 episodes per a day. Epilepsy was suspected initially, and 200 mg per day sodium valproate and 100 mg per day Dilantin were prescribed. The number of episodes were reduced, but continued to occur 3-5 times daily. Neurological examination did not show any abnormalities. The patient had no adverse perinatal events and had developed normally. The 24 h video electroencephalography (VEEG) and brain magnetic resonance imaging (MRI) were normal, and laboratory examinations, including complete cell count, liver function tests, renal function tests, blood sugar measurement and thyroid function were normal. PKD was diagnosed based on the diagnostic criteria ([@b5-br-0-0-1293]) and 100 mg carbamazepine daily was prescribed. The frequency of episodes disappeared. The patient\'s parents (I:1 and I:2) and older sister (II:1) ([Fig. 1A](#f1-br-0-0-1293){ref-type="fig"}) did not exhibit any seizures, movement disorders or migraines. The patient\'s father had died in a car accident when he was 54 years old and there was no DNA available for genetic testing.

Case 2: The index patient, II:2, in Family B ([Fig. 1B](#f1-br-0-0-1293){ref-type="fig"}), a 31-year-old female, presented with paroxysmal abnormal movement since the age of 12 years. She experienced dystonia and choreoathetotic movements of the right arm; occasional clawing of the right hand; and twisted posture, grimace and impaired speech. Each episode lasted several seconds, and never exceeded 30 sec, without altered consciousness. The episodes occurred ≤20 times a day. Sudden movements and acceleration were prominent triggers. Aura-like symptom of visual color enrichment usually preceded the episodes. The patient claimed that walking slowly could partially control the episodes. No positive neurological signs were identified. The results of interictal neurological examination, brain MRI and 24 h VEEG were normal. The patient had been prescribed 200 mg carbamazepine daily since the age of 14 years, and a good clinical response was achieved, and was kept on 200 mg carbamazepine every 4-5 days since. The patient\'s parents (I:1 and I:2) were not consanguineous and the patient had two healthy siblings (II:3, 29 years old and II:4, 26 years old) and a 3-year-old child (III:1). No neurological disorders were recorded in any other family members.

The clinical features of the two cases are summarized in [Table I](#tI-br-0-0-1293){ref-type="table"}.

### Genetics analysis

The ethical committee of the Fourth Affiliated Hospital, Zhejiang University School of Medicine approved the genetics analysis. Peripheral blood samples were collected from the patients, and their parents and siblings (Family A: I:2, II:1 and II:2; Family B: I:1, I:2, II:2, II:3 and II:4) after obtaining written informed consent from all the patients or the legal representatives of the family members. Genomic DNA was extracted using a Blood Genomic DNA Extraction kit (Qiagen, Inc.). The primers flanking all four exons and the intron-exon boundaries of PRRT2 (GenBank accession no. NM_145239) were designed using the web-based Primer 3.0 program ([bioinfo.ut.ee/primer3-0.4.0/](http://bioinfo.ut.ee/primer3-0.4.0/)) ([@b6-br-0-0-1293]). The *PRRT2* gene was amplified by PCR. The sequences of the primers were: Exon 2-1 forward, 5\'-CCCAAGCCTATCTCC TCCTC-3\' and reverse, 5\'-CTGGGTAGGGAGCTCTGG TT-3\'; exon 2-2 forward, 5\'-GACCCATGCCAAGAAACA GT-3\' and reverse, 5\'-GGATCCATGCAGAGAGGAGA-3\'; exon 3 forward, 5\'-TTCTGGGCTGGCTTCTCCT-3\' and reverse, 5\'-AAAGCTGCCCTTGCCAAC-3\'; and exon 4 forward, 5\'-CCCTGCTCTCTCCTGTCTGT-3\' and reverse 5\'-CTGTAAACAAGGCCGCTCAG-3\'. Each PCR reaction consisted of 2 µl 10X Standard Taq Reaction Buffer (Takara Bio, Inc.), 0.4 µl 10 mM dNTPs, 0.4 µl 10 µM forward/reverse primers, 100 ng genomic DNA, 0.1 µl Taq DNA Polymerase (Takara Bio, Inc.) and 15.7 µl nuclease-free water. The rea­ctions were performed in thermocyclers (PerkinElmer, Inc.), starting with an initial denaturation of 3 min at 94˚C; followed by 30 cycles of 30 sec denaturation at 94˚C, 30 sec annealing at the primer-specific temperature, and 30 sec extension at 72˚C. *PRRT2* gene mutations were screened by direct sequencing using an ABI Prism 3100 Genetic Analyzer (Applied Biosystems; Thermo Fisher Scientific, Inc.). The sample sequences were compared with the genomic DNA sequence of *PRRT2* (GenBank accession no. NM_145239).

An identical heterozygous missense mutation in both patients: c.955G\>T (p.Val319Leu) in exon 3 of *PRRT2* was detected ([Fig. 1C](#f1-br-0-0-1293){ref-type="fig"} and [D](#f1-br-0-0-1293){ref-type="fig"}). Screening of *PRRT2* mutations in the patients\' parents and siblings did not identify any variants. This mutation was not reported in the 1000 Genomes Project ([@b9-br-0-0-1293]), and was absent from 1,200 normal controls (performed by Sanger sequencing), whose samples were collected from the Medical Examination Center, The Fourth Affiliated Hospital, Zhejiang University School of Medicine, after providing informed consent. The 1,200 normal controls consisted of 651 men and 549 women with a median age of 45 years (range, 19-78 years). The SIFT web server ([@b10-br-0-0-1293]) prediction score of the substitution was 0.024 suggesting a damaging effect of the substitution, and the PolyPhen-2 website ([@b11-br-0-0-1293]) prediction score was 0.997 suggesting a probable damaging effect. The protein structures of the wild-type and mutant PRRT2 were predicted using Phyre2([@b12-br-0-0-1293]). The results suggest that the structure of mutant PRRT2 differs notably from the wild-type structure ([Fig. 2](#f2-br-0-0-1293){ref-type="fig"}).

Discussion
==========

PKD is often familial with autosomal dominant inheritance, but sporadic cases of PKD have also been reported ([@b4-br-0-0-1293],[@b13-br-0-0-1293]), which are attributed to incomplete penetrance or *de novo* mutations ([@b16-br-0-0-1293]). In the present case report, two Chinese patients with sporadic PKD were examined and a novel heterozygous missense mutation in exon 3 of the *PRRT2* gene (c.955G\>T) was identified. The family member II:1 and II:2 in Family B declined to have their 3 year old daughter (III:1) undergo genetic analysis. The absence of the mutation in their family members indicates the *de novo* status of the mutation. This newly found variant further reinforces the importance of the *PRRT2* gene in PKD.

Compared with the commonly reported clinical manifestation of *PRRT2*-associated PKD, the patients in the present report had several primary distinctive features: i) Sporadic occurrence; ii) onset during the teenage years; iii) presented with pure PKD; iv) typically transitory spells, lasting 3-10 sec (always \<30 sec); and v) episodes involved the limbs and face unilaterally. Huang *et al* ([@b17-br-0-0-1293]) summarized the clinical manifestations and *PRRT2* mutations of 110 patients with PKD, and showed that *PRRT2* mutation carriers were younger at onset and experienced longer episodes compared with non-*PRRT2* mutation carriers ([@b17-br-0-0-1293]). Previous studies have also indicated that the majority of *PRRT2* mutation-positive patients experience bilateral episodes, and tend to present with complicated PKD ([@b5-br-0-0-1293]). The limited sample size in the present report is inadequate for supporting the premise that the phenotype and genotype identified are correlated. To date, the role of *PRRT2* is incompletely understood. Previous studies have suggested that the varied mutations observed in the *PRRT2* gene may be involved in different pathogenic molecular pathways ([@b4-br-0-0-1293],[@b10-br-0-0-1293]). Thus, the function of PRRT2 and its role in PKD requires further investigation.

In summary, a novel heterozygous missense mutation, c.955G\>T (p.Val319Leu) in exon 3 of the *PRRT2* gene, was discovered in two cases of sporadic PKD. This finding expands upon the known mutation spectrum of the *PRRT2* gene and may provide an opportunity for further study of the genetic pathogenesis of PKD.
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###### 

Clinical characteristics of the two paroxysmal kinesigenic dyskinesia cases.

  Clinicopathological characteristics   Case 1                             Case 2
  ------------------------------------- ---------------------------------- -------------------------------------------------------------------------------
  Sex                                   Male                               Female
  Family history                        None                               None
  Age of onset, years                   15                                 13
  Symptoms presented                    Dystonia                           Dystonia, choreoathetosis
  Duration of symptoms                  5-10 sec                           \<30 sec
  Affected limbs                        Left                               Right
  Facial involvement                    Yes                                Yes
  Presence of aura                      No                                 Yes
  Triggers                              Sudden movements, being startled   Sudden movements, acceleration
  Frequency of episodes                 10-20 times per day                20-30 times per day before 20 years old; 1-2 times per day after 20 years old
  Combined neurological problem         No                                 No
  Response to treatment                 Symptom-free                       Symptom-free
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